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As i n d i c a t e d  i n  t h e  i n i t i a l  app l ida t ion ,  t h e  f i r s t  
p r o j e c t  was t o  develop a t i s sue  c u l t u r e  system which would be us  
i s o l a t i o n  and q u a n t i t a t i o n  of LCMvirus. Using a number of  d i f f  
types o f  c e l l  c u l t u r e s ,  c u l t u r e  cond i t ions  were manipulated i n  a t tempts  
t o  induce a d i r e c t  cy topa th i c  e f f e c t  by t h e  v i r u s  which might be used a s  
an  index a f  i n f e c t i o n .  These a t tempts  have been based on r e p o r t s  of  o t h e r  
i n v e s t i g a t o r s  regard ing  s i m i l a r  e€ fec t s  wi th  the same o r  d i f f e r e n t  v i r u s e s  
as w e l l  a s  l eads  obta ined  i n  our own work. Resul t s  ob ta ined  t o  d a t e  a r e  
ca t egor i zed  below f o r  the most p a r t  according t o  t h e  type  of  c e l l  used. 
1. Chick embryo c e l l s  
Based on t h e  r e p o r t  o f  Benson and Hotchin (Proc. SOC. Fxp. Biol .  Med. 
- 103: 
LCM v i r u s ,  cons ide rab le  work has  been done wi th  t h i s  system. However, a 
6 2 3 ,  1960) t h a t  c h i c k  embryo c e l l s  were destroyed by i n f e c t i o n  wi th  
l a t e r  r?;.cJtrt o f  Hotchin i n d i c a t e d  t h i s  e f f e c t  occurred only wi th  one 
. s t r a i n  of LCM v i r u s  which he subsequent ly  l o s t .  I n  gene ra l ,  we have not  
found t h i s  system u s e f u l  f o r  assay  of  LCM v i r u s  e i t h e r ’ d i r e c t l y  o r  by 
i n t e r f e r e n c e  wi th  o t h e r  v i r u s e s .  
Since Benson and Hotchin had used c h i c k  embryo e x t r a c t  i n  t h e i r  work, 
we have prepared and t e s t e d  16 ba tches  of  e x t r a c t  f o r  t h e i r  a b i l i t y  t o  
. enhance CPE i n  c h i c k  embryo c u l t u r e s  i n f e c t e d  wi th  LCM v i r u s .  Of t h e s e ,  
two ba tches  have shown some a c t i v i t y .  When observed, CPE developed around 
. the n i n t h  day a f t e r  i n f e c t i o n .  A commercial l o t  of e x t r a c t  w a s  a l s o  
i n a c t i v e .  Extract from 9 ,  11, and 13 day embryos were t r i e d  and none 
were a c t i v e .  Thus, whi le  t h e r e  appeared t o  be some enhancing e f f e c t  o f  
t he  e x t r a c t  on development of  CPE t h i s  could no t  be r e l a t e d  t o  t h e  method 
of prepa ra t ion .  Due t o  t h e  low frequeccy of ba tches  which were a c t i v e ,  
t h i s  l i n e  of  work has  been dropped. 
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Inasmuch a s  t h e  appearance of CPE i n  c e l l s  i n f e c t e d  wi th  LCM v i r u s  
i s  apparent ly  a marginal  phenomenon, numerous changes i n  c u l t u r e  cond i t ions  
were made t o  enhance t h i s  e f f e c t .  Embryos were taken a t  9 ,  10, and 11 
days of  i ncuba t ion  a s  a source  of  c e l l s  f o r  c u l t u r e s .  I n  t h e  s e r i e s  of  
tes ts  done, CPC d i d  not develop i n  any..  Comgonents o f  growth and maintenance 
media were changed f o r  s i m i l a r  reasons.  Various combinations of  T r i s  and 
b icarbonate  concen t r a t ions  have been shown t o  be o f  importance (Am. .J. 
Hyg. 73: 36, 1961). Concent ra t ions  o f  c a l f  serum of 20, 10, 5, and 0% i n  
both growth and maintenance medium were t r i e d  witbout  e f f e c t .  Also,  con- 
c e n t r a t i o n s  of c h i c k  embryo e x t r a c t  o f  20, 10, 5, and 0% and i n  va r ious  
combinations wi th  t h e  abose were used without  e f f e c t .  W e  have noted 
r epea ted ly  t h a t  c u l t u r e s  of  ch ick  embryo c e l l s  c u l t i v a t e d  i n  t h e  presence 
of  e x t r a c t  have i n  t h e  popula t ion  h e a r t  c e l l s  which a r e  a c t i v e l y  c o n t r a c t i l e .  
I n f e c t i o n  of t h e  c u l t u r e s  wi th  LCM v i r u s  had no e f f e c t  on t h e  c o n t r a c t i o n s  
o f  t hese  ce l l s .  Modif ica t ions  were made i n  method o f  t r y p s i n i z i n g  t i s s u e s  
f o r  c u l t i v a t i o n  us ing  minced t i s s u e  o r  t i s s u e  forced  through a sc reen  both 
wi th  and without  methyl c e l l u l o s e  a s  a s t a b i l i z i n g  agent  a l s o  without  e f f e c t .  
Incubat ion  of  i n f e c t e d  c e l l s  a t  4 1  C,  37 C,  o r  a t  room temperature  was 
without  e f f e c t .  This  was suggested by t h e  work of Tyrre11 (Lance1 L: 239, 
11960). 
suggested by Holper (J. In f .  D i s .  107: 395, 1960). E f fec t  of changing t h e  
medium a t  t h e  t i m e  of i n f e c t i o n  showed i f  anything t h a t  CPE was more l i k e l y  
t o  occur  i n  i n f e c t e d  c e , l l s  i f  t h e  medium was not  changed. Furthermore, a 
d i f f e r e n c e  i n  pH change between i n f e c t e d  and non-infected ce l l s  has  been 
noted. A t t e m p t s  t o  enhance this  pH change a s  w e l l  a s  t h e  e f f e c t  of medium 
change has  not  provided s u f f i c i e n t l y  c o n s i s t e n t  d i f f e r e n t i a t i o n  between 
i n f e c t e d  and non-infected c u l t u r e s .  Omission of glutamine from t h e  main- 
tenance medium has not been b e n e f i c i a l  e i t h e r  w i th  o r  without  a medium 
Likewise r o l l e d  tubes had no advantage over s t a t i o n a r y  tubes as 
change (Proc. SOC. Exp. Biol.  Med. 95, 1967). Passage of  LCM v i r u s  
i n  e i t h e r  c h i c k  embryo o r  He- c e l l s  has  not r e s u l t e d  i n  any change i n  
a b i l i t y  of  t h e  r e s u l t i n g  v i r u s  popula t ion  t o  induce CPE. 
A s  a method f o r  demonstrat ing LCM v i r u s ,  w e  have i n v e s t i g a t e d  t h e  a b i l i t y  
of t h i s  v i rus  t o  i n t e r f e r e  wi th  t h e  CPE induced by o t h e r  v i r u s e s .  
of c h i c k  embryo ce l l s  wi th  t h e  more v i r u l e n t  WE s t r a i n  o f  LCM v i r u s  has  not 
I n f e c t i o n  
p r o t e c t e d  t h e  ce l l s  from i n f e c t i o n  wi th  Newcastle d i s e a s e  v i r u s .  Nei ther  t h e  
WE s t r a i n  ilor t h e  less v i r u l e n t  Armstrong s t r a i n  o f  LCM v i r u s  p ro tec t ed  t h e s e  
c e l l s  from i n f e c t i c n  wi th  vacc in i a  v i rus .  Furthermore, c e l l s  i n f e c t e d  wi th  
either s t r a i n  o f  LCM v i r u s  and chal lenged wi th  v a c c i n i a  v i r u s  on vary ing  days- 
l a t e r  produced equa l  q u a n t i t i e s  of  vacc in i a  v i r u s  a s  c e l l s  not i n f e c t e d  wi th  
LCM v i r u s .  This  was t r u e  wi th  both primary and secondary ch ick  embryo 
c u l t u r e s .  
Product ion o f  LCM v i r u s  by ch ick  c e l l s  has  been demonstrated f o r  a s  long 
as  52 days a f t e r  i n f e c t i o n  wi th  no CPZ. Virus product ion  was maximum a t  4.5 
logs  on t h e  11 day a f t e r  i n f e c t i o n ,  dec l ined  to 3.6 t o  4.0 logs  by t h e  13 
day, and cont inued t o  be produced a t  t h i s  same l e v e l  th+oughout t h e  52 day 
pe r iod  . 
Incubat ion  of  i n f e c t e d  c e l l s  i n  an  atmosphere of 95% n i t rogen ,  5% 
carbondioxide o r  i n  an  atmosphere of 95% oxygen, 5% carbon dioxide had no 
e f f e c t  on t h e  c e l l s  when compared t o  convent iona l  c u l t u r e s  (Proc.  SOC. Exp. 
B i o l .  Med. _I 117:  567, 1964). 
A r e p o r t  by Lukert  (Avian Diseases  2: 308, 1965) suggested t h a t  c u l t u r e s  
from s p e c i f i c  organs of  t h e  ch ick  embryo might be more s u s c e p t i b l e  than  
c u l t u r e s  grown from t h e  whole embryo. Using c u l t u r e s  of lung o r  kidney 
from 16 day embryos prepared by Luker t ' s  method, w e  have not  found them t o  
o f f e r  any advantage over c u l t u r e s  prepared from whole embryos. 
I n  a n  at tempt  t o  change t h e  metabolism of i n f e c t e d  c e l l s  we have used 
pyruvate  a t  0, 1, 2, 5, and 10 mil l imolar  concen t r a t ions  i n  t h e  maintenance 
medium without  e f f e c t .  
t imes t h e  usua l  amount 
our o v e r a l l  experience 
Likewise, varying the  calcium content  from 0 t o  10 
was not u s e f u l  (Virology 16: 122,  1962). Thus, 
w i th  ch ick  embryo c e l l s  has  not been very product ive.  
2. Rabbit embryo c e l l s  
Due t a  t h e i r  unique s u s c e p t i b i l i t y  t o  herpes  v i r u s ,  r a b b i t  embryos 
were taken a t  20 days g e s t a t i o n  and used a s  t r y p s i n i z e d  monolayers. 
we do not have q u a n t i t a t i v e  r e s u l t s ,  primary, secondary, and t e r t i a r y  
Although 
c u l t u r e s  i n f e c t e d  wi th  e i t h e r  t h e  Armstrong or WE s t r a i n s  of LCM v i r u s  i n  
&he presence of 5 o r  10% ch ick  embryo e x t r a c t  and incubated a t  room tempera- 
t u r e ,  30 C o r  37 C e i t h e r  s t a t i o n a r y  o r  r o l l e d  d id  not e x h i b i t  CPE during 
t h e  20 day observa t ion  per iod .  Also, a d d i t i o n  of endotoxin a t  10 micrograms 
pe r  m l  d i d  not change s u s c e p t i b i l i t y  of these  c e l l s  ( B a c t e r i a l  Endotoxins, 
by Landy ? r ~ d  Braun, 1965, p .  4 4 8 ) .  
3. Mouse ez3ryo c e l l s  
Mouse embryo c e l l  monolayers with t r i s  o r  bicarbond’te b u f f e r  a t  pf! 6.9 
of 7.5 and maintained i n  5 o r  10% ch ick  embryo e x t r a c t ,  5 o r  10% a s c i t i c  
f l u i d ,  o r  5 o r  10% amniot ic  f l u i d  a f t e r  i n f e c t i o n  wi th  e i t h e r  s t r a i n  of  LCM 
v i r u s  e x h i b i t e d  no CPE. 
4. Monkey kidney c e l l s  
I n v e s t i g a t o r s  r e p o r t i n g  t h a t  monkey kidney c e l l s  a r e  s u s c e p t i b l e  t o  
LCM v i r u s  have appa ren t ly  not  u t i l i z e d  ch ick  embryo e x t r a c t  i n  t h e  t e s t  
system. Based on our o r i g i n a l  premise t h a t  embryo e x t r a c t  would enhance CPE, 
we have devoted cons ide rab le  t i m e  t o  t h i s  system. On t e s t i n g  t h e  same 16 
lots  of  e x t r a c t  i n  a d d i t i o n  t o  a commercial l o t  we have found t h e  same two 
l o t s  which were a c t i v e  i n  ch ick  embryo c e l l s  a l s o  a c t i v e  t o  a l imi t ed  ex ten t  
i n  t h e  maintenance medium r e s u l t e d  i n  CPE on two occasions.  Again t h e r e  
appears  t o  be some l i m i t e d  e f f e c t  of added e x t r a c t .  However, due t o  t h e  
g e n e r a l l y  poor response of most ba tches ,  t h i s  approach has be 
Various combinations of bovine embryo e x t r a c t ,  a s c i t i c  f l u i d ,  and ga 
g lobu l in - f r ee  serum wi th  e x t r a c t  have appeared promising a t  t imes but  we 
have been unable t o  r epea t  t h e  resul ts .  Use of 5, 10, 15, and 20% ch ick  
embryo e x t r a c t  w i th  t r i s  o r  b icarbonate  b u f f e r s  a t  pH 7.4 o r  8.0 r e s u l t e d  i n  
no CPE i n  t h e  10 day observa t ion  per iod.  
e x t r a c t  were unsuccessful .  
Plaque experiments using 0.5% 
Barlow ( B a c t e r i a l  Endotoxins, by Zandy and Braun, 1965, p. 4 4 8 )  repor ted  
t h a t  mice i n f e c t e d  wi th  LCM v i r u s  were more s u s c e p t i b l e  t o  b a c t e r i a l  
endotoxins than  normal mice. Based on t h i s  in format ion  we added 5 t o  50 
micrograms of endotoxin t o  c u l t u r e s  one t o  f i v e  days before  i n f e c t i o n  wi th  
LCM v i r u s  wi th  no apparent  e f f e c t  by 16 days a f t e r  i n f e c t i o n .  
From the  r epor t ed  e f f e c t s  of  phytohemagglutinin and c o r t i s o n e  on t h e  
CPE and y i e l d  of some v i r u s e s ,  we have i n v e s t i g a t e d  the' e f f e c t  of t h e s e  
compounds i n  t h i s  system. 
c a l f  serum wi th  1% phytohemagglutinin,  10% ch ick  embryo e x t r a c t ,  2.5 micro- 
grams per  m l  c o r t i s o n e  o r  c a l f  serum only and i n f e c t e d  when conf luent .  
CPE r e s u l t e d  i n  any c u l t u r e s .  
Cells were p lan ted  i n  medium conta in ing  10% 
NO 
5. Mouse p e r i t o n e a l  macrophages 
.Bo th  t h e  Armstrong and WE s t r a i n s  of LCM v i r u s  were r e p l i c a t e d  i n  
c u l t u r e s  of both a d u l t  and suckl ing  mouse p e r i t o n e a l  macrophages. However, 
a cy topa th i c  e f f e c t  (CPE) was never observed i n  t h e s e  c u l t u r e s  i n f e c t e d  wi th  
LCM v i r u s .  Addition of phytohemagglutinin (PHA) t o  c u l t u r e s  of mouse 
i n  a delay of maximum v i r u s  y i e l d s  i n  both a d u l t  and 
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s u c k l i n g  mouse mac'rophages. 
y i e l d  o f  LCM v i r u s  i n  macrophage c u l t u r e .  S e r i a l  passage o f  LCM v i r u s  d i d  
Addition o f  c o r t i s o n e  had no e f f e c t  on t h e  
not i n c r e a s e  i t s  v i r u l e n c e  f o r  mice o r  i t s  cytopathogenic e f f e c t  f o r  mouse 
macrophage c u l t u r e s .  
V i r a l  r e p l i c a t i o n  o r  demonstration of CPE could  not  be de t ec t ed  i n  
e i ther  a d u l t  o r  suck l ing  mouse p e r i t o n e a l  macrophage c u l t u r e s  i n f e c t e d  wi th  
e i t h e r  herpes  simplex v i r u s  o r  v a c c i n i a  v i r u s .  
Newcastle d i s e a s e  v i r u s  (NDV) caused complete CPE w i t h i n  5 t o  6 days i n  
both a d u l t  and s u c k l i n g  mouse p e r i t o n e a l  macrophage c u l t u r e s .  However, only 
s m a l l  amounts o f  i n f e c t i o u s  v i r u s  could  be recovered from these  i n f e c t e d  
c u l t u r e s .  S e r i a l  passage o f  v i r u s  us ing  e i t h e r  i n f e c t e d  c u l t u r e  f l u i d s  o r  
v i a b l e  i n f e c t e d  c e l l s  was unsuccessfu l .  U l t r a v i o l e t  i r r a d i a t e d  NDV, which 
was non- in fec t ious ,  s t i l l  caused CPE i n  macrophage c u l t u r e s .  Thus, a 
c y t o t o x i c  e f f e c t  was suspec ted .  
D i s rup t ion  of t h e  NDV v i r u s  p a r t i c l e  by e t h e r  t rea tment  r e s u l t e d  i n  
f r a c t i o n s  c o n s i s t i n g  of hemagglutinin and nuc leopro te in  an t igens .  
t h e  i n o c u l a t i o n  of t h e s e  i n d i v i d u a l  f r a c t i o n s  i n t o  mouse macrophage c u l t u r e s ,  
it was found t h a t  t h e  t o x i c  subs tance  was a s s o c i a t e d  w i t h  t h e  nuc leopro te in  
f r a c t i o n ,  which was t o x i c  f o r  c u l t u r e s  o f  mouse p e r i t o n e a l  macrophages, was 
Following 
no t  t o x i c  f o r  c h i c k  embryo t i s s u e  c u l t u r e  c e l l s ,  primary monkey kidney c e l l s  
o r  baby hamster kidney c e l l s  (BHK-21, c lone  13). 
-6. BHK-21, c lone  13 c e l l s  
From our own work a s  w e l l  as from r e p o r t s  i n  t h e  l i t e r a t u r e  w e  have 
noted a number o f  s i m i l a r i t i e s  i n  the b i o l o g i c a l  p r o p e r t i e s  of r u b e l l a  anci 
LCM v i r u s e s .  Due t o  t h e  use fu lness  o f  t h e  BHK-21, c l o n e  13 c e l l  l i n e  f o r  
t h e  s tudy  o f  r u b e l l a  v i r u s ,  we have s t u d i e d  some of t h e  b a s i c  a s p e c t s  of LCM 
v i r u s  r e p l i c a t i o n  i n  t h i s  c e l l  l i n e .  
-. - 
For t h e  purpose o f  e s t i m a t i n g  t h e  quan t i ty  of  i n t r a c e l l u l a r  v i r u s ,  
methods o f  e x t r a c t i o n  of LCM v i r u s  from i n f e c t e d  BHK c e l l s  were compared. 
I n  t h i s  and o t h e r  experiments ,  v i r u s  was q u a n t i t a t e d  by i n t r a c e r e b r a l  
i n j e c t i o n  of  nice. Best y i e l d s  of  v i r u s  from i n f e c t e d  ce l l s  was achieved 
a f t e r  adding t r y p t o s e  phosphate b ro th  (TPB) t o  t h e  washed c u l t u r e  followed 
by two c y c l e s  o f  f r eez ing  and thawing. 
w i t h  b o r a t e  b u f f e r  a t  pH 9.0 a s  suggested by Hal lauer  and Kronauer (Arch. 
Ges. Virusforsch.  15.: 433, 1965) o r  f r eez ing  and thawing t h e  c e l l s  covered 
Ex t rac t ion  of c e l l - a s s o c i a t e d  v i r u s  
wi th  b o r a t e  b u f f e r  r e l e a s e d  approximately one-tenth t h e  amount o f  v i r u s  
.recovered on TPB. However, based on s t u d i e s  on s t a b i l i t y  of v i r u s  a p a r t  
o f  t h i s  d i f f e r e n c e  has  l i k e l y  r e s u l t e d  from a decreased s t a b i l i t y  o f  
i n f e c t i o u s  v i r u s  i n  t h e  b o r a t e  b u f f e r .  
I n  o rde r  t o  a r r i v e  a t  a b e t t e r  estimate of v i r a l  adso rp t ion  t o  BKK-21 
ce l l s ,  t h e  thermal  s t a b i l i t y  of  crude LCM v i r u s  i n  c e l l  c u l t u r e  f l u i d s  a t  
1 
37 C was assayed.  
t h e  Armstrong s t r a i n  t o  be on t h e  o rde r  of 115 minutes ,  whereas t h e  h a l f - l i f e  
of thw WE s t r a i n  was approximately 90 minutes. Compensating f o r  thermal  
i n a c t i v a t i o n  of  v i r u s ,  t h e  adso rp t ion  r a t e  of t h e  two s t r a i n s  of v i r u s  t o  
BHK-21 c e l l s  was s i m i l a r .  
Based on t h e s e  experiments,  w e  e s t ima te  t h e  h a l f - l i f e  of  
One hour a f t e r  a d d i t i o n  o f  t h e  Armstrong s t r a i n  
v i r u s  t o  c e l l  c u l t u r e s ,  78% of  the  v i r u s  had disappeared from t h e  medium. 
O f  t h i s  amount, 4 7 %  had adsorbed t o  t h e  c e l l s  and 31% had become 
i n a c t i v a t e d .  For t h e  WE s t r a i n ,  8 3 % h a d  disappeared w i t h i n  a n  hour of which 
45% had adsorbed and 38% was l o s t  due t o  thermal  i n a c t i v a t i o n .  During t h e  
second hour ,  most of t h e  remaining v i r u s  was lost  due t o  thermal i n a c t i v a t i m  
w i t h  only  a sma l l  p ropor t ion  adsorbing t o  t h e  c e l l s .  
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Stud ies  o f  v i r u s  r e p l i c a t i o n  i n  BHK-21 c e l l s  w i t h  a d d i t i o n  o f  Armstrong 
s t r a i n  v i r u s  a t  vary ing  m u l t i p l i c i t i e s  a r e  summarized below. 
Virus f irst  d e t e c t a b l e  Ex tr ac e 1 l u  l a r  v i r u s  
Mult i p  l i c i  t y  (hours  a f t e r  i n f e c t i o n )  t i t e r  a f t e r  70 hours 
o f  i n f e c t i o n  I n t r a c e l l u l a r  E x t r a c e l l u l a r  (Loglo L D ~ ~  p e r  0.03 m l )  
1.0 
0.1 
0.01 
0.001 
12 13 
12 15 
16 18 
19 19 
5.2 
5.1 
2.4 
1.6 
A f t e r  appearance o f  v i r u s  i n  i n f e c t e d  c u l t u r e s ,  t h e  amount o f  v i r u s  
recovered  i n t r a c e l l u l a r l y  i s  p r a c t i c a l l y  t h e  same a s  t h e  amount f r e e  i n  t h e  
c u l t u r e  f l u i d s .  This was found t o  be t r u e  wi th  both s t r a i n s  o f  v i r u s .  I n  
a d d i t i o n ,  peak product ion  of bo th  v i r u s  s t r a i n s  occurred a f t e r  t h r e e  t o  
four  days fo l lowing  which h i e l d s  decreased. 
7. Complement f i x i n g  a n t i g e n  i n  BHK-21 c e l l  c u l t u r e s  
Reference has  been made i n  t h e  l i t e r a t u r e  t o  t h e  appearance o f  
complement f i x i n g  a n t i g e n  appearing i n  c e l l  c u l t u r e s  i n f e c t e d  w i t h  LCM v i r u s .  
However, c e l l s  o t h e r  t h a n  BHK-21 were used. We have demonstrated t h a t  a 
complement f i x i n g  a n t i g e n  i s  produced i n  BHK-21 c e l l s ,  and t h a t  i t  occurs 
i n  a q u a n t i t y  and q u a l i t y  comparable t o  t h e  a n t i g e n  prepared from sp leens  
o f  i n f e c t e d  guinea p i g s  a s  r o u t i n e l y  prepared by t h e  Nat iona l  Communicable 
Disease Center.  I n  our opin ion ,  a n t i g e n  prepared i n  BHK-21 c e l l s  would be  
less expensive and c o n s t i t u t e  l e s s  o f  a hazard  than  a n t i g e n  prepared  from 
guinea p i g  sp leen .  
S t u d i e s  have been made cm t h e  t i m e  and amount of a n t i g e n  produced as 
w e l l  a s  methodology f o r  e x t r a c t i n g  c e l l - a s s o c i a t e d  an t igen .  The a n t i g e n  
appeared i n  t h e  c u l t u r e  f l u i d s  on t h e  t h i r d  day a f t e r  i n f e c t i o n  and reached 
a maximum t i t e r  o f  1:8 on t h e  f i f t h  day. E x t r a c t i o n  o f  a n t i g e n  from 
i n f e c t e d  c e l l s  w i th  b o r a t e  b u f f e r  a t  pH 9.0 both w i t h  and wi thout  f r e e z i n g  
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t h e  c e l l  s h e e t  was less e f f e c t i v e  i n  recover ing  an t igen  than  f r eez ing  wi th  
t r y p t o s e  phosphate bo r th  (TPB). Using two f r eeze  thaw c y c l e s  wi th  TPB, 
a n t i g e n  was recovered wi th  t i t e r s  of  1:16 on days 3 ,  4, and 5. Furthermore, 
volumes of TPB equal  t o  t h e  o r i g i n a l  volume of  medium were used. 
t h i s  volume, it should be p c s s i b l e  t o  produce a n t i g e n  o f  h igher  potency. 
S t a b i l i t y  of  t h e  an t igen  i n  bo ra t e  b u f f e r  appears t o  be less than  i n  TPB 
which may account f o r  p a r t  o f  t h i s  e f f e c t .  
By reducing 
Using t h e  appearance of complement f i x i n g  a n t i g e n  a s  an  index of 
i n f e c t i o n  of BHK-21 c e l l s ,  w e  have compared i n f e c t i v i t y  of both s t r a i n s  of 
LCM v i r u s  i n  c e l l  c u l t u r e s  wi th  i n f e c t i v i t y  by i n t r a c e r e b r a l  i n j e c t i o n  of 
mice. Based on t h e s e  r e s u l t s ,  t h e  c e l l  c u l t u r e  procedure seems t o  be 
p r a c t i c a l ,  bu t  t i t e r s  by t h i s  method were approximately one log lower than  
determined by i n j e c t i o n  of mice. 
Previous r e p o r t s  concerning t h e  complement f i x i n g  an t igen  i n  sp l eens  
of  i n f e c t e d  guinea p igs  i n d i c a t e d  t h e  an t igen  was s e p a r a t e  from t h e  v i r u s  
i t s e l f .  
v i r u s  whi le  most of  t h e  a n t i g e n  a c t i v i t y  remained i n  t h e  supernate .  
f luorocarbon e x t r a c t i o n ,  t h e  an t igen  was removed w i t h  l i t t l e  e f f e c t  on t h e  
By u l t r a c e n t r i f u g a t i o n  we have been a b l e  t o  sediment most of t h e  
By 
l e v e l  of i n f e c t i o u s  v i r u s .  
We have a l s o  compared complement f i x i n g  ant ibody t i t e rs  i n  a number 
o f  sera us ing  both  BHK-21 c e l l  c u l t u r e  an t igen  and NCDC guinea p i g  sp l een  
an t igen .  Sera.  o f  guinea p ig ,  mouse, and human o r i g i n ,  both normal and 
immune, were used. Sera  which were non-react ive wi th  one an t igen  were non- 
r e a c t i v e  wi th  both. Furthermore, t i t e rs  dei-ermined w i t h  t h e  c e l l  c u l t u r e  
a n t i g e n  were a s  h igh  o r  h ighe r  than  t i t e r s  f o r  t h e  same s e r a  determined wi th  
t h e  NCBC an t igen .  Based on t h e s e  r e su l t s ,  w e  f e e l  t h e  c e l l  c u l t u r e  an t igen  
i s  a t  l e a s t  a s  s e n s i t i v e  and s p e c i f i c  a s  the  NCDC an t igen .  
-_ 
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8. Development of CPE i n  BHK c e l l s  
I n  our e a r l y  experiments w i t h  BHK c e l l  c u l t u r e s  we found t h e  
c u l t u r e s  t o  be contaminated w i t h  Mycoplasma o r a l e  type  1. These c u l t u r e s  
a l s o  i n f e c t e d  w i t h  TXM v i r u s  d i d  develop CPE i n  approximately 9 days. 
However, u s ing  non-contaminated c u l t u r e s ,  LCM v i r u s  has  c o n s i s t e n t l y  f a i l e d  
t o  develop CPE. Inasmuch a s  t h i s  Mycoplasma produces a n  a r g i n a s e ,  a t tempts  
were made t o  reproduce t h e  e f f e c t  i n  non-contaminated c u l t u r e s  by omi t t i ng  
a r g i n i n e  from t h e  medium, adding ammonia, u rea ,  and semicarb iz ide  i n  t h e  
presence and absence o f  a r g i n i n e  i n  n e u t r a l ,  h igh ,  and l o w  pH maintenance 
medium a l l  wi thout  success .  Addition o f  v i tamin  A which reduces the  s t a b i l i t y  
of lysosomes had some a c t i v i t y ,  bu t  was not s u f f i c i e n t l y  reproducib le .  
Addition of D U E  dex t r an  a t  non-toxic l e v e l s  a l s o  was wi thout  e f f e c t .  
9. Development o f  CPE i n  VERO c e l l s  
Work a long  t h e  same l i n e s  was r e c e n t l y  begun us ing  VERO c e l l  
c u l t u r e s .  By lowering t h e  pH of t h e  medium and adding ammonium c h l o r i d e  t o  
t h e  medium, d e f i n i t e  CPE developed i n  c u l t u r e s  i n f e c t e d  wi th  LCM v i r u s  on 
one occasion. This  i s  c u r r e n t l y  being repea ted .  
10. E f f e c t  of serum on LCM v i r u s  i n  BHK c e l l s  
Inasmuch as t h e  s p e c i e s  of serum used f o r  c u l t i v a t i o n  and maintenance 
,of c e l l  c u l t u r e s  has  sometimes inf luenced  t h e  outcome of v i r a l  i n f e c t i o n ,  
w e  have compared c e l l  growth and v i r u s  y i e l d  i n  BJX c e l l s  c u l t i v a t e d  i n  and 
maintained i n  f e t a l  bovine,  c a l f ,  bovine,  and ho r se  se rum,  F e t a l  bovine 
serum (FBS) h a s  been used r o u t i n e l y  f o r  c u l t u r i n g  and main ta in ing  BKK 
c u l t u r e s ,  and was used a s  a r e f e r e n c e  syster,:. On f i r s t  passage i n  se rum 
o t h e r  t h a n  FBS, t h e  popu la t ion  doubling t i m e  was prolonged. However, by 
t h e  t h i r d  passage i n  any serum, t h e  doubling t i m e  was t h e  same i n  a l l  c u l t u r e s .  
- - 
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LCM v i r u s  y i e l d  was c o n s i s t e n t l y  h i g h e r  i n  c e l l s  grown i n  and maintained 
i n  FCS than  i n  ce l l s  grown i n  o t h e r  se rums .  Determination of  v i r u s  
y i e l d  p e r  u n i t  volume o f  c u l t u r e  f l u i d  was cons iderably  more v a r i a b l e  
than  t h e  v i r u s  y i e l d  per  c e l l .  Therefore ,  v i r u s  y i e l d s  per  c e l l  were 
determined f o r  t h i s  p o r t i o n  of t h e  work. "he type  of s e r u m  used i n  c u l t u r e  
medium had no e f f e c t  on t h e  percent  of c e l l s  i n  a c u l t u r e  which were i n f e c t e d .  
N o  more than  60% of t h e  c e l l s  were found t o  be i n f e c t e d  a t  any t i m e .  
Actinomycin D a t  concen t r a t ions  of  5 and 10 ng/ml of  c u l t u r e  medium 
s t imula t ed  product ion  of LCM v i r u s .  However, h igher  concen t r a t ions  of 
actinomycin D were i n h i b i t o r y .  The type  of s e r u m  used i n  t h e  c u l t u r e  
medium had l i t t l e  i n f luence  on t h i s  e f f e c t .  Using FBS i n  t h e  medium, 
i n f e c t i o n  of BHK c e l l s  wi th  t h e  same dose of LCM v i r u s  c u l t i v a t e d  e i t h e r  i n  
mouse b r a i n  o r  BHK c e l l  c u l t u r e s  r e s u l t e d  i n  s i m i l a r  y i e l d s  o f  virus .  These 
f ind ings  w e r e  s i m i l a r  us ing  both t h e  Armstrong and t h e  WE s t r a i n s  of LCM 
v i r u s .  
11. LCM v i r u s  hemagglut inin 
A hemagglut inin (HA) was found i n  r a t h e r  low concen t r a t ion  i n  c u l t u r e  
LCM v i r u s  infected 
f l u i d s  of both BHK and monkey kidney c e l l  c u l t u r e s  but  not i n  f l u i d s  of 
noninfec ted  c u l t u r e s .  The HA has been recovered i n  maximum t i t e r s  of 1:16 
A 
provided t h a t  bovine serum albumin was used i n  t h e  c u l t u r e  f l u i d  i n s t e a d  
of  serum.  HA was a l s o  p re sen t  w i t h i n  i n f e c t e d  c e l l s ,  but y i e l d s  fol lowing 
e x t r a c t i o n  by f r eez ing  t h e  c e l l s  have been low.  The HA was most a c t i v e  
when t h e  t e s t  was incubated a t  4 C ,  when 0.1 M calcium c h l o r i d e  was p re sen t  
i n  t h e  d i l u e n t ,  and when one-day-old chicken r e d  c e l l s  were used f o r  t e s t i n g .  
.This r e a c t i o n  was i n h i b i t e d  by LCM immune guinea p i g  s e r u m  but  not  by 
normal guinea p i g  serum. Serum i n h i b i t o r s  were removed by t rea tment  w i th  
manganese and hepar in .  
__  
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12, I n h i b i t o r  i n  t i s s u e s  of mice i n f e c t e d  wi th  LCM v i r u s  
Ear ly  i n  o u r  t i s s u e  c u l t u r e  s t u d i e s  w e  had attempted t o  develop a 
procedure f o r  a s say  of LCM v i r u s  based on t h e  a b i l i t y  o f  LCM v i r u s  t o  
i n t e r e e r e  w i t h  t h e  development of CPE induced by another  un re l a t ed  v i r u s .  
Such a procedure has  been used r o u t i n e l y  i n  a number o f  l a b o r a t o r i e s  f o r  
a s say  o f  r u b e l l a  v i r u s  i n  monkey kidney c e l l  c u l t u r e s .  However, it soon 
became apparent  t h a t  t h i s  s o r t  o f  procedure was not a p p l i c a b l e  f o r  a s say  
o f  LCM v i r u s .  Using b r a i n s  o f  mice i n f e c t e d  wi th  t h e  Armstrong s t r a i n  of 
LCM v i r u s ,  i n t e r f e r e n c e  was induced. On t h e  o t h e r  hand, n e i t h e r  t h e  WE 
s t r a i n  LCM v i r u s  from mouse b r a i n  o r  c e l l  c u l t u r e s  nor t h e  Armstrong s t r a i n  
v i r u s  from c e l l  c u l t u r e s  would induce such an i n t e r f e r i n g  e f f e c t .  It has  
evolved t h a t  i n f e c t i o n  of mice w i t h  t h e  Armstrong s t r a i n  LCM v i r u s  causes  
t h e  mice t o  
Because t h e  
our work t o  
. -  
produce a subs tance  which i s  i n h i b i t o r y  t o  hetorologous v i r u s e s .  
i n h i b i t i n g  subs tance  was unique i n  many ways, we have continued 
c h a r a c t e r i z e  it s b i o  log i c a  1 a c t  i v  i t y  . 
The i n h i b i t o r  has  been assayed i n  most i n s t a n c e s  by i t s  a b i l i t y  t o  
i n h i b i t  p roduct ion  of CPE i n  monkey kidney c e l l s  by p o l i o v i r u s .  This 
combination o f  agen t s  has  proved t o  be u s e f u l  s i n c e ,  a s  w e  have shown, i t  
was p o s s i b l e  t o  a s say  each v i r u s  when both were p r e s e n t  es a mixture. I n  
such a mixture ,  LCM v i r u s  was assayed by i n t r a c e r e b r a l  i n j e c t i o n  of mice 
and p o l i o v i r u s  was assayed i n  monkey kidney c e l l  c u l t u r e s .  
not i n t e r f e r e d  w i t h  t h e  i n f e c t i v i t y  of LCM v i r u s  i n  mice, nor has LCM v i r u s  
P o l i o v i r u s  has  
even w i t h  i n h i b i t o r  i n t e r f e r e d  w i t h  p o l i o v i r u s  assays  i n  c e l l  c u l t u r e s  
when both were added simultaneously.  However, when p o l i o v i r u s  was added 
a f t e r  t h e  Armstrong s t r a i n  LCM v i r u s  mouse b r a i n  suspens ion ,  an  i n h i b i t o r y  
e f f e c t  was apparent .  Based on t h i s  observa t ion ,  w e  have shown t h a t  t h e  - 
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e f f e c t  was f i r s t  observed when p o l i o v i r u s  was added t h r e e  days a f t e r  
a d d i t i o n  of mouse b r a i n  prepara t ion .  This e f f e c t  was maximal when c e l l s  
were cha l lenged  on t h e  f i f t h  day and dec l ined  t h e r e a f t e r .  On comparison 
wi th  c o n t r o l  c u l t u r e s  i n f e c t e d  wi th  p o l i o v i r u s  a lone ,  t he  i n h i b i t o r  reduced 
both t h e  CPE caused by p o l i o v i r u s  as  w e l l  a s  t h e  amount of  po l iov i rus  
produced. Furthermore, w e  have shown the  i n h i b i t o r  has  t h e  same e f f e c t  on 
t h e  CPE and y i e l d  3f ves i c l l l a r  s t o m a t i t i s  v i r u s .  
A number of  o the r  a s p e c t s  of t h e  i n h i b i t o r  have been i n v e s t i g a t e d  and 
a r e  summarized he re .  Using d i l u t i o n s  of mouse b r a i n  p repa ra t ions ,  w e  have 
found t h a t  an  equ iva len t  of  100 LD50 of E M  v i r u s  (0.1 m l  o f  a lO’5.02 
d i l u t i o n )  but  not  one- ten th  t h i s  amount was s u f f i c i e n t  t o  i n h i b i t  s y n t h e s i s  
of p o l i o v i r u s .  Using s i m i l a r  procedures ,  t h e  mouse b r a i n  m a t e r i a l  i n h i b i t e d  
s i x  se ro types  of  Coxsackie v i r u s ,  ECHO-11 v i r u s ,  and inf l i lenze v i r u s  but not 
v a c c i n i a  o r  r e o v i r u s  type  1 under t h e  same t e s t  cond i t ions .  The a b i l i t y  of  
t h e  i n h i b i t o r  t o  suppress  p o l i o v i r u s  i n  HeLa c e l l s  was s i m i l a r  t o  the  e f f e c t  
observed i n  monkey kidney c e l l s ,  but  q u a n t i t a t i v e l y  less dramatic.  One 
unusual  f e a t u r e  of t h i s  i c h i b i t o r  i s  t h a t  r ep lac ing  t h e  c u l t u r e  medium a t  
t h e  t i m e  of a d d i t i o n  of t h e  cha l lenge  v i r u s  e l imina te s  t h e  i n h i b i t o r y  e f f e c t .  
This  e f f e c t  i s  un l ike  t h a t  of c l a s s i c a l  i n t e r f e r o n s .  Using v e s i c u l a r  
s t o m a t i t i s  v i r u s  f o r  cha l l enge ,  t h e  i n h i b i t o r  was demonstrable i n  monkey 
kidney,  HeLa, and mouse embryo c u l t u r e s ,  bu t  not i n  ch ick  embryo, L-929, 
o r  BHK-21 c u l t u r e s .  A f t e r  i n f e c t i o n  of m i c e  w i th  t h e  Armstrong s t r a i n  LCM 
v i r u s ,  i n h i b i t o r  was demonstrable i n  b r a i n ,  kidney,  sp leen ,  and serum but  
not  i n  l i v e r .  A l l  o f  t hese  m a t e r i a l s  con tamed  i n f e c t i o u s  v i r u s .  I n  
keeping wi th  o t h e r  c h a r a c t e r i s t i c s  of i n t e r f e r o n ,  an t i se rum t o  LCM v i r u s  
had no e f f e c t  on i n h i b i t o r  a c t i v i t y .  
